Heterogeneity among macrophages cultured from mouse bone marrow. Morphologic, cytochemical and flow cytometric analyses.
The development of macrophages in culture from mouse bone marrow was followed for 14 days by light and electron microscopy, ultrastructural cytochemistry, and flow cytometric analysis. By 10 days greater than 97% of the cells in culture were mononuclear phagocytes, and by 12 days greater than 99% were identifiable as macrophages. Ultrastructurally, three subpopulations of mononuclear phagocytes were distinguished based on the appearance of cytoplasmic structures. Early in culture, cells containing large, membrane-bounded vesicles predominated. With increasing time in culture these cells were replaced to varying degrees first by cells that contained vesicles filled with relatively dense, osmiophilic material and, finally, by macrophages that contained granules of various sizes, shapes and staining densities. Cytochemical (peroxidase and acid phosphatase) and colloidal gold uptake studies at the ultrastructural level suggested that many, if not all, of these cytoplasmic structures arose by pinocytosis and subsequent fusion of pinocytic vesicles with lysosomes. Analysis of DNA content of propidium iodide-stained nuclei by flow cytometry, coupled with the examination of cells treated with colchicine to arrest mitosis in metaphase, suggested that cell cycling was a negligible contributor to heterogeneity within cultured populations. Thus, by waiting until 12-14 days after bone marrow cultures were initiated, with partial replenishment of the culture medium at 7 days, heterogeneity could be greatly reduced in cultured macrophage populations. Taking this fact into consideration could help to reduce the variability seen in functional studies of macrophage populations that are less homogeneous.